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DESCRIPTION 

SINTERING METHOD AND SINTERING APPARATUS OF 
POROUS GLASS BASE MATERIAL 

[TECHNICAL FIELD] 

^^^^ The prcsoit invoition relates to a sintering method and a 

sintering apparatus of a porous glass hase material to sinter a porous glass base material, which is an 
original material of an optical fiber, for dehydration and vitrification into a transparent glass. 

Japanese Patent Application No. 2004-078168 filed cm March 18, 2004 
[BACKGROUND ART] 

^^^^ A porous glass base material, which is an original mataial 

for an optical fiber, is fomied by deposition of glass particles in accordance with the vapor-phase 
axial deposition (VAD) or outside vapor deposition (OVD) method The fomied porous glass 

base materid is inserted into a fijmace core tube in vvhich a dehydration gas and an inert gas 
supplied, and moved through a heated region so as to be sintered Thus» the porous glass base 
material is dehydrated and vitrified into a transparent glass. In this way, a glass base material for 
an optical fiber including a core and a clad is manufactured. After this, the glass base material is 
elongated such that the diameter thereof is reduced to be suitable for drawing. Thus, an optical 
fiber prefomi is obtained The preform is drawn into an optical fiber by a drawing device. 
i^^^ When the porous glass base material is sintered a certain 

amount of thermal eneigy is appUed to the porous glass base material for dehydration and 
vitrification into a transparent glass. The amount of this themial eneigy is set by adjusting 
parameters such as the flow rates of the dehydration gas and inert gas» the transit rate at which the 
porous glass base material is moved through the heated region, and the temperature of the heating 

source for the heated region, so as to cause the entire porous glass base material to be fiised and not 
to cause the glass base material to beoMTie longer. 

t^^l Hctb, if the amount of the thamal eneigy applied is 

insuflBcient, the following problem may occur. When the vitrification of the porous glass base 
material by fijsion begins, there is a laige difference in temperature between the inner and outer 
portions of the rod-like porous glass base material. Therefore, the vitrification does not proceed 
concentrically in temis of the cross-section in the radial directioa Accoidingly, vitrified and 
non-vitrified parts arc mixed and ananged asymmetrically whh respect to the central axis in the 
radial direction. Here, the non-vilrified parts later vitrify, and shrink with adjacent parts that have 
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aiirady been vitrified and thus have a lower viscosity. This causes unevoi shrinkage. As a result, 
the core isdi^laced fixjm the axial certain the glass base material for an optical fiber. 

Even the slightest core displacement results in more unevm 
application of the thermal oieigy, which deforms the shape of tfie cross-section into an ellipse. 
Once tile core is displaced and tiie shape of tiie cross-section is defomied into an ellipse, tfie 
plication of the tfiermal eneigy fiom tfie surfece to tiie inside becomes increasingly unev«i in the 
radial direction, and uneven shrinkage thus successively occurs during tiie sintering process. 
Consequently, tiie core is displaced and tiie cross-sectional shape is defomied into an ellipse in tiie 
entire preform. 

t^^^ An optical fiber obtained by drawing such a prefomi has tiie 

problems of tiie core displacement and defomied cross-sectional shape. Whai such optical fib^s 
arc adhCTBd or fusion-bonded to eadi other at tiie end sur&ces fliereot a connection loss occure due 
to difference in shape betwem tiie cores or clads at tiie connection, misalignmait of tiie axial 
colters of tiie cones, and difference in diameter between tiie cores. 

[^^^^^ As a mediod to reduce core displacmait and cross^sectional 

sh^ deformation of a glass base material for an optical fiber. Patent Document 1 proposes tiiat tiie 
lowering rate at which a porous glass base material is lowered is set slower in tiie fornio- half period 
of tiie sintering step tiian in tiie later half period This metiiod, however, can not assure tiiat core 
displacement and cross-sectional shape defomiation are reliably reduced in tiie glass base matmal 
entirely in the longitudinal direction. 

[Patait Document 1] Un«amined Japanese Patent Application Publication No. 
2000-256020 

PISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BYTHE INVENTION] 

fOOOS] An advantage of some aspects of ttie pres«it invention is to 

provide a sintering metiiod and a sintering apparatus of a porous g^ base material for sintering a 
porous glass base material to be dehydrated and vitrified into a transparent glass witiiout causing 
core displacement and cross-sectional sh^ deformation in the base material, 
[MEANS FOR SOLVING THE PROBLEMS] 

V^^] An aspect of tiie invention is a sintering method of a porous 

glass base material for sintering a rod-like porous glass base material by hanging and moving tiie 
rod-like porous glass base material tiirough a heating furnace. Here, tiie porous glass base 
material is lowered into a heating fimiace heated to a sintoing tanperaturei, and aflo* eveiy part of 
tiie porous glass base material is moved tiirough a preheated region extending fiom an upper edge 



SFffSH^067¥rcTOH^7PCTUS_nao.docC:¥DOCUME~l¥ANNErr^l¥l^ 

er4¥cases5»SF»SH-0067¥PCT¥SH-0067ICT_Translation¥SH-0067rc 



3 



of an Insulating membo- to an upper ed^ of a heater in a heating furnace body, in 4.5 houis or 
kjngpr, the porous glass base material is sintered by the heater to be vitrified into a transparent glass. 

Another aspect of the invention is a sint»ing apparatus of a 
porous glass base material fijr sintering a rod-like porous glass base material by hanging and 
moving the rod-like porous glass base material through a heating furnace. Here, a lengtti of an 
insulating member is set such that eveiy part of a porous glass base material is lowered into a 
heating furnace, and moved through a preheated region extending fiom an upper edge of the 
insulating member to an upper edge of a healer in a heating furnace body, in 4.5 houre or longer. 
[EFFECT OF THE INVENTION| 

t^'^J A. sintering method ofa porous glass base material relating to 

an aspect of the present invention realizes a high-quality optical fiber prefomi with core 
displacemait and cross-sectiaial shape defimnation reduced. In addition, by drawing tiiis 
prefijmi, a higfi-quality optical fibo- achieving a low connecticxi loss can be manufectured. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig . 1 is a vertical cross-sectional view schematically 
illustrating an example of a sintering ^jparatus of a porous gjass base materiaL 

Fig. 2 is a graph showing a relation between the transit time witfiin whfch a porous 
glass base material is moved through a preheated region and a core displacement ratio/'a 
defomiation ratio, obtained as a result of an implementation example 1 . 

Fig. 3 is a graph showing a relation between the transit time witiiin which a porous 
glass base material is moved through a preheated region and a core displacement ratio/a 
defonnatim ratio, obtained as a result of an implemoitaticxi example 2. 
[BESTMODE FOR CARRYING OUTTHE INVENTION| 

[^^^] Hereinafter, the presort invartion will now be descaibed 

through a prefened embodiment The embodiment does not limit the invention aocoiding to 
claims, and all the combinations of tiie features described in the embodimart are not necessarily 
essential to means for soMng die problons of die invention. 

I^'^l An aspect of the invention aims to solve the above-desaibed 

problem associated with a process of moving a rod-like porous glass base material through a 
heating fijmace heated to a sintering temperature so that the porous glass base material is sintered 
and vitrified into a transparent glass. Tobespecific, according to the aspect of the invention, every 
part of the porous glass base material is moved flirough a preheated region extending fiom die 
upper edge of an insulating member to the upper edge of a heater in the heating fijmace body in 4.5 
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hours or longer. After this, the porous glass base material is vitrified by fusion by means of the 
heatra: 

f^^^l AcccMding to the aspect of the invention, the porous glass 

base material is moved thnxigh the preheated region in 4.5 houre or longer as set forth above. In 
this way, by the time vitrification of the outer portion starts in the healed region provided by the 
healer, the porous glass base material, even the caitCTporticm, is sufficiaitfypi^ieated. Whichis 
to say, only a small diflFerence in tatiperature is observed in the aoss-section in the radial directicsi, 
and even distribution of temperature is achieved in the radial direction. This reduces unevamess 
in shrinkage resulting fix^m vitrification. As a consequence, the praous glass base material is 
evenly vitrified by fusion without causing core displacement and cross-sectional shape defomiation. 
I^'^J Here, it is assumed that the transit time throu^ the pi^eated 

region is less than 4,5 hours. In this case, vitrification of the outer portion of the porous glass base 
material starts even though the center portion of the porous glass base material is not suflSciently 
preheated, that is to say, a laigp diflference in temperature is observed in the cros&^ection in the 
radial direction, and the temperature distribution is uneven in the radial directioa As a 
consequence, the porous glass base material shrinks highly unevenly when vitrified by fijsfon, 
resulting in core displacement and cross-secticmal sh^ defoimaticm. 

t^^^ It may be the lowering rate at which die porous ^ass base 

material is lowered or tiie configuration of the insulating member which is adjusted to move tiie 
porous glass base material through the preheated region in 4.5 houre or longer. When the 
COTfiguration of the insulating member is selected, the insulating membo- may be configured to 
covCT the oitire upper portion of tiie heating fiimace bocfy. In tfiis case, productivity is not 
sacrificed to prevait core di^lacanent and cross-sectional shape defimnation which may result 
fiom vitrificatim of the porous glass base material by fijsion. 

f^^*] As described above, tiie sintoing mctiwd of a praous glass 

base material relating to ttie aspect of flie present invoiticMi realizes a hi^i-quality optical fiber 
prefonn wdtii core displacranent and cross-sectional shape defomiation reduced. In addition, by 
drawing tiiis prefonn, an optical fiba- of a voy low aainection loss can be manufectured. 
[XMPLEMENTAnON EXAMPLES] 
[0019] 

IMPLEMegTAnONBCAMPLE 1 

The following esqjlaiiis flie sintoing mefliod relating to tiie aspect of tiie invoition in 
more detail wifli refiaence to flie attached drawitigs and implemoilatiai examples. 

Fig. 1 diows an example of a sintaing apparatus. A ixxHike poious glass base 
material 2 is hung in a fiimace core tube 1, by means of a holding and driving mechanism 4 
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coupled to a rate control apparatus 3. The rate cx»ntrol apparatus 3 controls the lowering rate. 
Furthamore, a heating furnace constituted by a heater 5 and an insulating member 6 is provided 
concentrically with respect to the central axis of tiie fiimace core tube 1. A ggs inlet pipe 7 is 
provided to supply a dehydration gas sudi as a chlorine gps and an inert g3s such 
The gas inl^ pipe 7 is coupled to a gas source (not shown). TTie referaice numeral 8 indicates an 
exhaust pipe. 

[^0] Hie following describes how a porous glass base material is 

sintered. 

The rod-like porous glass base material 2 may be formed by deposition of glass 
particles in accordance with the OVD method A chlorine gas and a helium gas are supplied via 
the gas inlet pipe 7, mix with each other, and are guided into the furnace core tube 1. Thus, the 
flimace core tube 1 is filled vrfth the chlorine gas and helium gas. The healer 5 heats up a healed 
region. 

While the lowmngrate of the porous glass base mataial 2 is 
controlled by the rale control ajparatus 3, and the porous glass base materia 
holding and driving mechanism 4, the porous glass base material 2 is slowly lowered and moved 
through the heated region provided by the heater. As a result ofthis process, the porous glass base 
material 2 is sintered for dehydration and vitrification into a transparent glass. 

In accordance v^th the above-described sintering method, 
five porous glass base materials were respectively sintered under five different conditions. 

The five porous glass base materials all had an outer diameter of 250 mm and a mass 
of 80 kg, but were lowCTed during the sintering process at different rates of 1.68 mm/min, 1.58 
mmAnin, 1.48 mm/min, 128 mmAnin, and 1.08 mm/min. TTie tempaature of the heater 5 was 
set to 1 ,500 which causes the porous glass base matoials to be entirely fused but not to become 
lon^. 

V^^] The following explains how preforms obtained by the 

sintering process were evaluated in tenns of core displacement and cross-sectional shape 
deformation. 

The core displacement was indicated by a core displacement ratio calculated by 
dividing the amount of displacement between the axial center of the core and the central axis of tiie 
preform by the diameter of the prefomi. The cross-sectional shape deformation was indicated by 
a deformation ratio calculated by dividing a difference between the major and minor axes of the 
prefc«m by the diamdia- of the prefomi. The core displacanent and defomiation ratios were 
measured for the effective part of the prefomi at intervals of 10 mm, and maximum core 
displacemoit and defomiation ratios are shown, Here^ A (mm) denotes the length of the pehealed 
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region extending 6om the upper edge of the insulating member to the upper edgp of the heater in 
the healing fiimace, and the transit time throu^ the preheated region was calculated based on the 
length of tiie preheated region and the lowering rate. 

[0024] Table 1 below shows the obtained results for the five porous 

glass base materials. 

As clearly shown in Table 1, both the core displacement and deformation ratios were 
improved to 0. 1 % or lower by setting the transit time through the preheated region at 4. 5 houre or 
long^. 
[0025] 
[Table 1] 
[0026] 

IMPLEMEhJTAnON EXAMPLE 2 

Five pcTOus glass base materials were sintaed under the same conditions as in the 
implemmtation example 1 excqrt that the lowoing rale is fixed to a constant level of 1.65 mniAnin 
and Ae lengjh of the insulating member in tiie heating fijmace (corresponding to the pirfieated 
region) is set to diflFerent values including 400 mm, 420 mm, 450 mm, 500 mm and 600mm. 
Table 2 below shows the results of the implementation example 2. 

As clearly shown in Table 2, both the core displacement and deformation ratios were 
improved to 0. 1 % or lower by setting the transit time through the preheated region at 4.5 hours or 
longq-. Furthermore, the core displacement and deformation ratios were improved to 0.05 % or 
lower by setting the transit time through the preheated region at 6.0 hours. 
[0027] 
[Table 2] 

[INDUSTRIAL APPLICABILrrY] 

[0028] An aspect of the present invention realizes an optical fibo- 

preform with veiy low core displacanent and deformation ratios. In addition, by drawing such an 
optical fiber preform, an optical fiber having a low connection loss can be provided 
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